Baseball is one of the most popular sports in the world. Although baseball is relatively safe, numerous reports suggested that there has been a rapid rise in injury rates among youth baseball players (1 -4). It is important to demonstrate the nature of such injuries. In Tokushima, we started a check-up for child and adolescent baseball players in the field from 1981. From the findings of the checkup, we investigated the frequency of pain in each part of the body. The most frequent area of pain was the elbow joint, which was found in about 30% of players (5). Matsuura et al. (6) followed 449 youth baseball players without prior elbow pain for one season and reported that 30% of youth players had elbow pain each year, and nearly 72.3% of players with elbow pain had abnormal findings on physical examination such as limitation in the range of motion, tenderness, and pain on valgus stress test. Furthermore, 81.4% of the subjects with abnormal findings on physical examination exhibited radiographic abnormalities : medial epicondylar fragmentation was observed in 97.2% and osteochondritis dissecans (OCD) of the capitellum was seen in 2.8%. Hang et al. (4) reported results that were similar to our findings. They explained that 52% of the 343 Taiwanese Little League baseball players (mean age, 11.6 years ; range, 9.5-12.0 years) had episodes of soreness of the throwing elbow. Radiographic examination of all players revealed separation or fragmentation of the medial epicondyle in 76% and OCD of the capitellum in only 1 catcher. Although medial epicondylar fragmentation was prevalent in either report, the prognosis of medial epicondylar fragmentation is relatively good (7, 8) . By contrast, the prognosis of OCD of the capitellum is often poor. However, it was difficult to detect OCD of the capitellum based on subjective complaints and physical examination, because most players with OCD of the capitellum were asymptomatic or minimally symptomatic. Ultrasound imaging, which does not involve exposure to radiation, is inexpensive, and is a portable type of diagnostic imaging, is useful for detecting OCD of the capitellum. Harada et al. (9) found 33 subjects with medial epicondylar fragmentation (21.6%) and 2 with OCD of the capitellum (1.3%) among 153 players aged 9 to 12 years using ultrasound imaging in the field. Matsuura et al. (10) reported that the prevalence of OCD of the capitellum on ultrasonography in 1040 young baseball players aged 10 to 12 years was 2.1%.
INTRODUCTION
Baseball is one of the most popular sports in the world. Although baseball is relatively safe, numerous reports suggested that there has been a rapid rise in injury rates among youth baseball players (1 -4) . It is important to demonstrate the nature of such injuries. In Tokushima, we started a check-up for child and adolescent baseball players in the field from 1981. From the findings of the checkup, we investigated the frequency of pain in each part of the body. The most frequent area of pain was the elbow joint, which was found in about 30% of players (5). Matsuura et al. (6) followed 449 youth baseball players without prior elbow pain for one season and reported that 30% of youth players had elbow pain each year, and nearly 72.3% of players with elbow pain had abnormal findings on physical examination such as limitation in the range of motion, tenderness, and pain on valgus stress test. Furthermore, 81.4% of the subjects with abnormal findings on physical examination exhibited radiographic abnormalities : medial epicondylar fragmentation was observed in 97.2% and osteochondritis dissecans (OCD) of the capitellum was seen in 2.8%. Hang et al. (4) reported results that were similar to our findings. They explained that 52% of the 343 Taiwanese Little League baseball players (mean age, 11.6 years ; range, 9.5-12.0 years) had episodes of soreness of the throwing elbow. Radiographic examination of all players revealed separation or fragmentation of the medial epicondyle in 76% and OCD of the capitellum in only 1 catcher. Although medial epicondylar fragmentation was prevalent in either report, the prognosis of medial epicondylar fragmentation is relatively good (7, 8) . By contrast, the prognosis of OCD of the capitellum is often poor. However, it was difficult to detect OCD of the capitellum based on subjective complaints and physical examination, because most players with OCD of the capitellum were asymptomatic or minimally symptomatic. Ultrasound imaging, which does not involve exposure to radiation, is inexpensive, and is a portable type of diagnostic imaging, is useful for detecting OCD of the capitellum. Harada et al. (9) found 33 subjects with medial epicondylar fragmentation (21.6%) and 2 with OCD of the capitellum (1.3%) among 153 players aged 9 to 12 years using ultrasound imaging in the field. Matsuura et al. (10) reported that the prevalence of OCD of the capitellum on ultrasonography in 1040 young baseball players aged 10 to 12 years was 2.1%.
The purpose of this study was to report the outcome of an elbow check-up system for child and adolescent baseball players in 2013. In particular, we investigated the situation of elbow injuries in youth baseball players with elbow pain and ultrasonographic findings of the capitellum in all players.
MATERIALS AND METHODS
The Institutional Review Board of Tokushima University Hospital approved the study protocol, and all parents and coaches provided informed consent.
A total of 1605 players (mean age, 10.1 years ; range, 6 -12 years)
ORIGINAL
Outcome of an elbow check-up system for child and adolescent baseball players belonging to junior baseball teams that participated in the regional summer championship in July 2013 were the subjects of this investigation.
Elbow Injuries in Players with Elbow Pain
Questionnaires were distributed to the team coaches, and information was filled out by subjects with the assistance of their coaches and/or parents. Questionnaire items included age, player position, and any past episodes of pain during or after throwing practice. The author (T.M.) reviewed the questionnaire with individual subjects to increase their understanding of the questions and check the accuracy of the information.
Physical examination of the elbow was recommended to players who complained of elbow pain on the questionnaire and was performed in the field. Range of motion, tenderness, and the valgus stress test were included in the physical examination. Limitation of range of motion was regarded as positive if the difference between the throwing and non-throwing arms was more than 5! .
Radiographic examination was recommended to players who had positive findings on the physical examination. Radiography of the elbow was performed in two directions : anteroposterior with the elbow flexed at 45!and laterally. Films were reviewed at the office by one of the authors (T.M.).
Ultrasonographic Findings of the Capitellum
Both elbows were sonographically examined in all 1605 players in the field. Ultrasonography of the lateral aspect of the elbow was performed by two of the authors (T.I. and N.S.) using the following equipment : a FAZONE M sonography diagnostic imaging system (ZONARE Medical Systems Inc) with a 5 -to 10 -MHz linear array transducer (FAZONE CB ; Fujifilm Corp), the MyLabFive portable ultrasound system (Esaote Europe BV) with a 6 -to 18 -MHz linear array transducer, and the M-Turbo ultrasound system (SonoSite Inc) with a 6-to 13-MHz linear array transducer. Anterior view images were taken with the subject seated and the elbow fully extended. Posterior view images were taken with the elbow fully flexed to obtain a sufficient view of the anterior aspect of the capitellum. Sonographic findings were graded as follows according to Matsuura et al. (11) : grade 0, normal ; grade 1a, irregular surface of the subchondral bone ; grade 1b, cystic lesion of the subchondral bone surface ; grade 2, irregularity of the subchondral bone ; and grade 3, discontinuity of the subchondral bone. We defined grade 1a, 2, and 3 as abnormal findings. Grade 1b was not considered abnormal because Matsuura et al. (10) reported that cystic appearance of the subchondral bone surface was thought to be a variation of normal development during ossification.
Radiographic examination was recommended to players who had positive findings on ultrasound. Radiography of the elbow was performed in four directions : anteroposterior with the elbow extended and flexed at 45! , lateral, and oblique. One of the authors (T.M.) diagnosed the radiographic findings and graded the stage using the classification of Matsuura et al. (11) . Figure 1 summarizes the overall results of the examination. Of the 1605 players, 499/1605 (31.1%) reported episodes of pain in the throwing elbow during throwing practice. The remaining 1106 players had no prior elbow pain.
RESULTS

Elbow Injuries in Players with Elbow Pain
Of the 499 subjects who reported elbow pain, 320/499 (64.1%) had abnormal findings on the physical examination. Among them, a limitation of extension was found in 77/499 (15.4%) subjects and a limitation of flexion was found in 163/499 (32.7%) subjects. Tenderness of the elbow was found in 178/499 subjects (35.7%) and the valgus stress test was positive in 164/499 subjects (32.9%) ( Table 1) .
Of the 320 subjects who had abnormal findings on physical examination, 115/320 (35.9%) agreed to undergo radiography. Among them, 98/115 (85.2%) exhibited radiographic abnormalities : medial epicondylar injury was observed in 84, and OCD of the capitellum was seen in 13, and physeal injury of the olecranon was seen in 1 subject. Figure 2 summarizes the overall results of the examination. On initial ultrasonography screening, 60/1605 (3.7%) of players had an abnormal finding and 55/60 (91.7%) agreed to undergo radiography. Among them, 32/55 (58.2%) were found to have an abnormal finding of the capitellum on radiographs, and OCD of the capitellum was evident in 26/55 subjects (47.3%). Of the 26 subjects, 22/ 26 (84.6%) had no elbow pain and 12/26 (46.2%) had no positive sign on the physical examination.
Ultrasonographic Findings of the Capitellum
Of the 26 players diagnosed with OCD of the capitellum, based on the radiographic stage using the classification of Matsuura et al. (11) , 19 had stage I (radiolucent area), 6 had stage II (nondisplaced fragments), and 1 had stage III (loose bodies and sclerotic changes). 
DISCUSSION
We investigated the outcome of an elbow check-up system by administering a questionnaire, physical examination, radiographic examination, and ultrasound imaging in this study.
A total of 31.1% of 1605 youth baseball players had episodes of elbow pain. Among them, 64.1% had abnormal findings on physical examination. Furthermore, 85.2% of subjects who underwent radiographic examination showed abnormal signs on radiographs. Our results were almost equivalent to the previous report by Matsuura et al. (6) Hang et al. (4) reported that 52% of young baseball players (mean age, 11.6 years ; range, 9.5 -12.0 years) had episodes of soreness of the throwing elbow. The reason why our results (31.1%) were lower than that reported by Hang et al. (4) was that our study included all elementary school students (mean age, 10.1 years ; range, 6 -12 years) in contrast to their study.
The results of ultrasonography screening showed that 3.7% of all subjects had an abnormal finding and 1.6% of youth baseball players were found to have OCD of the capitellum on radiographs. Matsuura et al. (10) reported that the prevalence of OCD of the capitellum on ultrasonography in 1040 young baseball players (mean age, 10.7 years ; range, 10 -12 years) was 2.1%. Our results (1.6%) were lower than that reported by Matsuura et al. (10) , and the cause seemed to be the inclusion of all elementary school students in our study. Harada et al. (9) found 2 cases of OCD (1.3%) among 153 players aged 9 to 12 years using ultrasound imaging. The results were consistent with our findings.
Of the 26 subjects with a diagnosis of OCD of the capitellum, 22/ 26 (84.6%) had no elbow pain and 12/26 (46.2%) had no abnormal sign on physical examination. Therefore, OCD of the capitellum in these subjects would not have been detected if ultrasonography of the lateral aspect of the elbow had not been performed. Matsuura et al. (11) reported that the average age at which stage I OCD was diagnosed was 11.5 years, suggesting that the typical age of onset was 10 to 12 years in baseball players, and conservative treatment resulted in healing in 90.5% of subjects with a stage I lesion. In this study, 19 of 26 subjects (73.1%) with OCD had a stage I lesion based on radiographic examination. These results suggest that screening for OCD of the capitellum using ultrasonography is useful for early detection and provides an opportunity for successful conservative treatment.
However, 1 subject had positive signs on physical examination and was diagnosed with OCD of the capitellum (stage II) on radiographs, despite an abnormal finding was not detected on ultrasound. Ultrasound imaging is profoundly affected by the techniques and experience of the examiners.
This study has several limitations. One major limitation is that only 35.9% of players who had abnormal findings on the physical examination agreed to undergo radiography. Among the players who did not undergo radiographic examination, the rate of elbow injuries was thought to be high. Another limitation is that although we confirmed the physical and ultrasonographic abnormalities on plain radiography, radiography was not performed for those subjects with no abnormalities on physical examination and ultrasound imaging. Another disadvantage was that the inter -observer relationship was not investigated by the two sonographers in the ultrasound screening.
CONCLUSIONS
About 30% of youth baseball players had episodes of elbow pain, and 64.1% of players with elbow pain had abnormal findings on physical examination. Furthermore, 85.2% of subjects who underwent radiographic examination exhibited radiographic abnormalities.
About 4% of young baseball players had an abnormal finding on initial ultrasonography screening, and nearly 50% of them had OCD of the capitellum on radiographs. About 85% of the subjects with OCD of the capitellum had no elbow pain.
